STEJSKALOVÁ DAGMAR, KARÁSEK PETR, TLAPÁKOVÁ LENKA, PODHRÁZSKÁ JANA: Landscape metrics as a tool for evaluation of landscape structure, a case study of Hubenov region, Czech Republic. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 2013, LXI, No. 1, pp. 193-203 The present paper contains the evaluation of rural landscape development in model territories by means of landscape structure analysis. Based on the computed values of landscape ecology indexes, development and typical and specifi c features of analysed territories are interpreted in defi ned time horizons. The territories diff er in the intensity of their use, natural conditions and diff erent social requirements. Two territories have intensive agriculture in diff erent natural conditions, the third model territory is situated in the protective zone of a water resource, and the fourth model territory is a protected area. For all localities, the studied baseline period was that of the Stable Cadastre mapping (1825-1839), followed by the sixties of the 20 th century and the present time. The method of processing and evaluation of four model territories is described and a detailed analysis and interpretation of one territory -Hubenov region is presented. Agricultural land formed the landscape matrix in Hubenov territory in the past and at present. There is a signifi cant reduction in the number of plots of the landscape classes and the increase in the average size of agricultural and non-agricultural plots between year 1825 and 2009. Spatial distribution of agricultural land has changed. Area of arable land decreased a er the construction of water reservoir Hubenov. The area of permanent grassland, forests and water bodies increased. It was refl ected in an increase of ecological stability. In the context of the change of landscape structures decreased the length of ecotone edges of the categories arable land and PGL and categories arable land and forest.
The present paper contains the evaluation of rural landscape development in model territories by means of landscape structure analysis. Based on the computed values of landscape ecology indexes, development and typical and specifi c features of analysed territories are interpreted in defi ned time horizons. The territories diff er in the intensity of their use, natural conditions and diff erent social requirements. Two territories have intensive agriculture in diff erent natural conditions, the third model territory is situated in the protective zone of a water resource, and the fourth model territory is a protected area. For all localities, the studied baseline period was that of the Stable Cadastre mapping (1825-1839), followed by the sixties of the 20 th century and the present time. The method of processing and evaluation of four model territories is described and a detailed analysis and interpretation of one territory -Hubenov region is presented. Agricultural land formed the landscape matrix in Hubenov territory in the past and at present. There is a signifi cant reduction in the number of plots of the landscape classes and the increase in the average size of agricultural and non-agricultural plots between year 1825 and 2009. Spatial distribution of agricultural land has changed. Area of arable land decreased a er the construction of water reservoir Hubenov. The area of permanent grassland, forests and water bodies increased. It was refl ected in an increase of ecological stability. In the context of the change of landscape structures decreased the length of ecotone edges of the categories arable land and PGL and categories arable land and forest. landscape structure, landscape metrics, GIS, Stable Cadastre, aerial photos, geodatabase, Hubenov Processes in landscape, its functioning and character are bound to the confi guration of landscape, its arrangement and actual situation. Any change in the landscape structure, either spatial or temporal, infl uences the pattern of energy and material fl ows in landscape, aff ects landscape passability and habitability, infl uences its ecological stability and other properties and characteristics. If we are solving crucial problems of landscape and prerequisites of its conservation in the future, our solution should not be based on the present situation only but we should use available reliable historical materials mapping trends of landscape development. Taking into account heritage of the past (radical change in the spatial arrangement of landscape structure and fl attening of landscape functions) and fl uctuations of temperatures and precipitation in the last years, an increasingly greater emphasis is laid on the polyfunctionality of landscape, its accessibility and last but not least, on its aesthetics.
In the past, landscape was not "fragmented" either functionally or spatially as it is known from contemporary landscape studies. It means that it is divided into functionally separated parts. In historical times (before the introduction of large-scale production) the landscape structure infl uenced the methods of land use while at the present time, the situation is opposite, production activities are moulding landscape according to their needs. If we want to return into landscape its essential feature -polyfunctionality, we should approach its planning on the basis of the knowledge of its development both in general terms and in specifi cities of particular territories.
Trends of development and signifi cant landscape changes in analysed territories can be derived by the analysis of landscape structure and obtained characteristic values. The interpretation of these trends in the context of historical development (social, political and economic conditions) represents an important source of information for landscape development and planning.
When studying historical changes in landscape in time horizons of tens to hundreds of years, we investigate changes caused almost exclusively by anthropic activities. Anthropogenic processes alter the appearance, structure and functions of landscape either directly (open mining, construction) or indirectly by infl uencing natural processes and their intensity (erosion, water regime, cycling of matter, energy fl ows, etc.).
Changes in the landscape structure, e.g. ploughing of grasslands, interruption or liquidation of local corridors, substantial enlargement of fi elds, construction of roads (its causes landscape fragmentation and barrier eff ect) have an immediate infl uence on the movement of organisms in landscape and also e.g. on erosion processes, landscape retention capacity or water runoff regime.
Overall changes in landscape, especially in land use, are very signifi cantly monitored by time series of aerial and/or satellite photos that clearly represent disturbances, great devastations, dynamics of enclave development and other parameters of the landscape structure. Methods of remote sensing of the Earth (RSE) can be applied also in the monitoring of changes in the particular environmental components.
Historical maps have an information potential suitable for landscape study from diff erent aspects and for diff erent landscape types. Possibilities of application of these materials have been documented by many realized researches on changes in landscape and landscape structure, e.g. revitalization of the High Tatras land cover a er a wind disaster (Boltiziar, Bruna, Krovakova, 2008) , investigation of the horizontal landscape structure development in a selected time segment (Kubeš, Mičková, 2003) , changes in land use from the aspect of ongoing succession and anthropogenic processes (Spulerova, 2008) , including processing by GIS tools (Girel, Barguet-Duport, Pautou, 1997; Xu Jian-hua, Lu Yan, Ai Nan-shan, Yue Wen-ze, 2001 ).
One of the important projects (due to the large size of the solved territory) is a research project realized at the Faculty of Geography of the Moscow State University. Its objective was to evaluate and to map land use and land cover of Russia by combining remote sensing, traditional maps and fi eld surveys of various spatial and time resolutions as geographic indicators of the environment condition and its dynamics (Milanova, Lioubimtseva, Tcherkashin, Yanvareva, 1999) .
Fukalová and Pokladníková (2009) described a retrospective evaluation of land use in the area Hustopečsko (Žabčice). They focused on changes in land use over time and the results of their study confi rmed the trends of changes in land use. Guth, Kučera (1997) stated that an important source of data on temporal changes in landscape is military photogrammetry that has been repeatedly performed in this territory at regular intervals since the end of the thirties or the forties. Satellite images are more suitable for small-scale synoptic maps while aerial photos are more suitable for the evaluation of more detailed landscape structure and landscape elements. Juhás (1991) wrote that the analysis of the spatial distribution of landscape structure elements, and information on area structure, representation and proportions in a very precise ground plan projection belong among the most frequently used interpretations of aerial photos. Overall information concerning the spatial structure of stands, land areas, settlements, roads, watercourses, linear technical elements, structure of scattered vegetation and production activities is signifi cant for landscape evaluation.
The contribution and application of data from remote sensing of the Earth in landscape creation and conservation consist especially in the inventory and revealing of the actual condition of elements of interest; thanks to a time series it is possible to investigate developmental changes and to improve proposals of essential protective and management measures. Among the publications that dealt with remote sensing of the Earth in nature and landscape conservation we should cite the article "Evaluation of changes in landscape using remote sensing of the Earth" (Hais, Brom, Pecharová, 2006) in which methods of remote sensing, its pros and cons were described. Data from RSE are the most suitable material for the 2 nd half of the 20 th century documenting detailed development of landscape structure (Lipský, 2000) .
The Stable Cadastre is an essential source for all landscape ecology researches, landscape evaluation and planning e.g. in the defi nition of territorial systems of ecological stability, registration of signifi cant landscape elements, landscape mapping, watershed revitalization, evaluation of landscape character and in land consolidation measures (Lipský, 2000) .
One of the approaches to landscape evaluation is the use of so called indexes. These indexes reduce the scope of quantitative data and facts and contribute to a decrease in the number of variables with the same informative capacity. The method of landscape evaluation by means of indexes is very suitable for the assessment of landscape structures and functions and other facts (Lipský, Romportl, 2006; In Pérez-Soba, Wascher, 2005) . Landscape evaluation is based on so called matrices -areas that take up a dominant position in landscape (Forman, Godron, 1993; Fladmark, Mulvagh, Evans, 1991; Zonneveld, 1979) .
Landscape evaluation by metrics is a frequently used method of evaluating the ecological stability of landscape. Palmer (2004) used the metrics to assess scenic perception by the population in time and he found out that a half of the changes in scenic perception can be revealed by metrics and that this method has high prediction effi ciency.
In its variability, landscape structure is related to the dynamics of natural and anthropogenic processes conditioning it, and at the same time, they are presented in landscape through its mediation. Open cultural landscape in the territory of the CR that is not used specifi cally, e.g. for the extraction of mineral resources, is infl uenced to a diff erent extent by measures taken in order to improve the production functions of landscape (agricultural, forest, hydrological, etc.) . Considering the increasing frequency of extreme natural phenomena in the last years attention is more o en paid to a possibility of improvement or revitalization of natural stabilization functions, processes and elements of landscape that have been changed or fully eliminated by anthropic activities.
MATERIAL AND METHODS
Model territories were chosen with respect to the continuity of the solution in long-time managed experimental watersheds and areas of Research Institute for Soil and Water Conservation considering the availability and possibility of acquiring background materials necessary for the solution and accessibility of these territories from the aspect of fi eld surveys. In line with the solution contents the choice of model territories was conditioned by assumed changes in landscape structure and development of its arrangement in relation with changes in land use during the chosen time periods.
The analysis of landscape structure was performed for four territories of interest, diff ering in their development and land use in relation with diff erent natural conditions. It is an area with intensive agriculture in the Dolnomoravský úval valley (Hustopeče territory; 92.4 km²), BohemianMoravian Uplands (Žejbro watershed; 115.3 km²), the Protected Landscape Area (PLA) (Železné hory; 36.1 km²) with specifi c protection conditions.
The area Hubenovsko (83.1 km²) presented in this paper is situated in the protection zone of a watercourse Maršovský and Jedlovský Brook which fl ows into a drinking water reservoir Hubenov. It is situated in the Bohemian-Moravian Uplands, with humid and cold climatic conditions combined with a steep land and altitude between 530-709 m a.s.l. The average annual temperature is 7 °C. Annual precipitation is in the long-term average above the 630 mm (Tolasz, 2007) .
The delimitation of the territories, and/or the area of chosen territories in tens of km 2 , was conceived with respect to the scales of historical materials (maps, RSE), certain area coherence and representativeness of territories with a possibility of mutual comparison.
Time horizons were chosen to work with three series in order to describe crucial changes in landscape and/or in landscape structure from historical times to the present time.
For all territories, the 1 st half of the 19 th century was chosen as a baseline period while the present time is at the opposite end of the time span. The period between these two time points was covered by historical aerial photos from the sixties of the 20 th century.
Necessary databases were processed in the years 2009-2010. Analyses were performed in several steps:
• acquisition of maps and materials of RSE for the chosen territories of interest in required time periods, • georeferencing and orthorectifi cation of these materials into a coordinate system for subsequent use in GIS environment, • digitization (creation of vector map layers of LU/ LC),
• creation of structured digital database and the own analysis of landscape structure in GIS environment, • creation of map outputs and their appendixes (graphical, tabular data). Digitization of historical map sources and adjustment of input digital data so that they will be applicable in subsequent analyses are the crucial and the most time-consuming phase of processing.
Vectorization and database creation
The process of manual vectorization by means of geographic information systems (GIS) was used to acquire thematic information on land cover from background data. Manual vectorization is a highly time-consuming process but compared to automatic classifi cations its advantages are the exactness and distinguishability of particular patches. Digitized vector layers represent land cover and land use.
Analyses of landscape structure by means of calculations of landscape ecology indexes
The defi ned method of calculations of landscape ecology indexes within landscape structure analysis was performed for LU/LC classes in identifi ed categories, spatial and compositional relations of landscape elements -patches, corridors, matrixes.
The analyses were done in ArcGIS environment using standard tools and tools that were specifi cally developed for the analysis of landscape structure. These are Vector Based Landscape Analysis Extension for ArcGIS (V-LATE) and Patch Analyst.
Calculated coeffi cients (indexes) can be classifi ed according to the type of evaluated characteristic into categories of indexes: of shape, size, diversity, proximity, edges and statistical indicators.
Nearest neighbour analysis (index) -belongs among distance analyses that are used to determine the proximity of objects of a given category. In this case it is the proximity of objects of the same LU/ LC category determined by the nearest neighbour method. Map representation of the calculated values of nearest neighbour analysis provides an overview of the distribution of particular LU/LC categories and of the mode (type) of their distribution in the territory.
Area analysis (index) belongs among the basic spatial analyses. Using the patch area analysis it is possible to describe landscape graininess on a scale from very fi ne (patch area less than 0.05 ha), fi ne (patch area 0.05-0.9 ha), medium (patch area 0.9-35 ha) to coarse graininess > 35 ha). Besides, patch area is a very important variable infl uencing diversity and land cover.
Shape analysis (index) belongs among further metric analyses of landscape space describing landscape changes over time in the best way. These indicators are calculated for the particular categories: patch number, average patch shape, patch perimeter to area ratio, average fractal dimension. Shape indexes are signifi cant from the aspect of dissection or, on the contrary, of geometrization of spatial structures. The higher the values of shape index, the more complicated the patch shape while their borders get longer. On the other hand, the lower the value of this index, the simpler the shape that can be described by basic geometric shapes, expressing the simplifi cation of particular shapes of patches. Intervals of the patch shape index: 1.00-1.12 -almost circular shape, 1.12-1.16 -almost square shape, 1.16-1.90 -almost rectangular shape, > 1.90 distinctly elongated and irregular shape. The shape characteristics are also important from the aspect of edge eff ect, i.e. mutual interaction of two adjacent areas with diff erent mode of use (e.g. arable land and PGL, arable land and forest, etc.).
Diversity analysis (index) is aimed at the evaluation of diversity and heterogeneity of analysed patches. In the particular categories the computation generates the total number of patches in each category, their total area and the index Proportion -ratio of areas of a given category to total area (or the percentage proportion of a given category in relation to the whole studied territory). Determination of these indexes is important for the evaluation of landscape heterogeneity and contrasts.
RESULTS
In line with diff erent origin of used materials the informative capacity of information that can be obtained from them and applied for the purposes of the solution is diff erent. During digitization and creation of vector layers diff erent legend adapted to a specifi c map was used for each time segment. The particulars of the legend and its details result from 
8: The proportion of the areas of LU/LC categories in the total area of Hubenov territory in the period 1838-2009
In the text below the most distinct phenomena and characteristics of landscape structure are described that are determinant and signifi cant for the particular time periods. Taking into account the volume of evaluated facts (four model territories) their presentation would be quite extensive. This is the reason why only one model territory -Hubenov is evaluated in the present paper.
The following description is focused on specifi cities of the model territory, not on the detailed analysis of all computed values.
Stable Cadastre period (1838)
In that period a number of determined metric indexes reached much higher values than in the next periods (the number of patches of dominant categories was several times higher, the length of ecotone edges of arable land and permanent grasslands reached the highest values, etc.). It indicates very pronounced changes in the arrangement of landscape structure in the next period. The most distinctive within LU/LC categories were the patches of PGL and arable land, i.e. agricultural land, which constitutes the landscape matrix. The percentage proportions in this territory were 45% of arable land, 30% of forests and 22% of PGL. The resultant values of edge eff ect indexes were consistent with the above data: the highest lengths of edges were determined in the categories of PGL, arable land and forest. The average distance of two blocks of the same land use category was several time shorter than at present (e.g. PGL, forests). This was related with very fi ne graininess (a high number of patches of small area distributed over the whole territory). The mesh density was almost 4x times higher than in the next periods. The average area of patches was 1.12 ha in arable land, 2.1 ha in forests, 0.31 ha in PGL and 0.69 ha in water bodies and it was substantially lower than in the same categories in the next periods. The average shape of patches was most rectangular, only permanent grasslands had an irregular shape, markedly elongated. In the Stable Cadastre period permanent grasslands were o en pastures of linear type along dirt roads and streams.
In the next periods the shape of the majority of categories became elongated.
The sixties (1961)
Compared to the preceding period, great intensifi cation of agricultural production occurred while the total number of patches decreased to a third. The proportions of arable land (51%) and forests (29%) were dominant unlike permanent grasslands (14%), while the landscape structure was simplifi ed, which led to landscape homogenization. The average area of patches considerably increased and landscape graininess became coarser (in arable land there was a twofold increase in the average size of production block to 2.4 ha, in PGL it was a fourfold increase to 1.12 ha and in forests a threefold increase to 6.4 ha). The characteristics of edge eff ect underwent substantial changes compared to the preceding period. In common borders of arable land and PGL there was more than a threefold reduction in common borders of these categories. In common borders of arable land and forests it was an increase by about 50%. This trend can be attributed to an increase in the area of arable land. Generally, this favourable trend of an increase in the common borders of arable land and forest cannot compensate a massive decrease in the common borders of arable land and PGL. In total, in this territory there was a reduction in the number of ecotone sites and a reduction in overall biodiversity. In shape characteristics the majority of the categories changed their shape from rectangular patterns to elongated ones. Only in permanent grasslands a gradual change of the elongated shape to rather a rectangular shape was observed.
Present time (2009)
In comparison with the preceding period the number of patches and total area of arable land (35% of the territory) also decreased. However, the proportion of permanent grasslands in the territory increased to 25%, while the number of patches increased by about 30%. The increase in PGL areas can be explained by overall establishment of grasslands in the watershed of the Hubenov Water Reservoir as a reservoir of drinking water for the town of Jihlava. Grassland establishment was carried out in former water protection zones or in present protection zones of a water resource. The increase in the area of grasslands was also supported by subsidies granted for grassland establishment in less-favoured areas, nitrate directive, etc.
A moderate increase in the area of forests and water bodies was also a result of the construction of Hubenov Water Reservoir. An increase in the proportion of scattered vegetation is probably connected with this fact as a consequence of realized protection measures of the water resource. The indexes of edge analyses show a trend of gradual shortening of common borders of arable land and PGL (by more than 30%) and arable land and forest (by nearly 50%). This situation can be explained by a reduction in the area of arable land and by a further increase in the average size of the arable land block to 3.9 ha of rectangular shape. In the other categories the trend of shape characteristics was the same as in the preceding period. As a result of an increase in the scattered vegetation area the shape characteristics moderately changed toward irregular shape and higher diversity of patches. The average distance of two patches of the same land use category slightly increased in arable land (also due to a reduction in the area and an increase in the average size of the block), and an increase in PGL was evident in the entire studied period.
Grassing of arable land in the catchment reservoir Hubenov is positively refl ected in the increase of ecologically stable areas. Coeffi cient of ecological stability (Míchal, 1994) increased from 1.01 (in 1838) to 1.63 (at present).
If we generalize the fi ndings not only from Hubenov territory but also from all four analysed model territories, we can state that in all analysed territories and in all time horizons the landscape matrix is composed of arable land (it is dominant by both its area and the number of patches). Although the landscape matrix consists of arable land, the studied territories diff ered in the arrangement of landscape structure in the baseline period (1 st half of the 19 th century).
A distinctly linear structure of very narrow strips of patches of very fi ne graininess, very low porosity and considerable, almost complete continuity was typical of Hustopeče territory at the beginning of the studied period. The distribution of patches of nonagricultural LU/LC classes was markedly clustered, bound to a watercourse and adjacent fl oodplain forests and wetlands. Thanks to this pattern, it was a highly contrast landscape compared to the other territories with diff erent diversity and heterogeneity. Over time until the present the landscape has undergone signifi cant changes in the arrangement of landscape structure. The construction of the Nové Mlýny water reservoirs practically led to the complete liquidation of fl oodplain forests and wetland communities while the linear structure of arable land patches was eliminated and extensive production blocks of arable land, many times larger than 30 hectares, were created.
A distinctly elongated linear structure was typical of Hubenov territory at the beginning of the studied period but the particular patches of arable land were arranged radially around settlements. The distribution of patches of the other LU/LC classes was almost regular within the landscape matrix. The landscape matrix was characterized by high porosity, incomplete continuity with high heterogeneity, dissection and diversity. During the intensifi cation of agricultural production in the sixties of the 20 th century the area of arable land increased to the largest extent to the detriment of permanent grasslands. Currently, the trend is more favourable because a large acreage of arable land was converted into grasslands.
In Žejbro watershed the regular arrangement of mostly rectangular patches of arable land is contrasting with irregular, elongated dissected patches of PGL copying small streams and settlements mostly in the north-southern direction. Forest patches are distributed on the edge of the model territory. Intensive agriculture has existed in the territory until now and so arable land is a dominant landscape category.
In Železné hory PLA there has been a pronounced decrease in the area of arable land and an increase 10: Changes in Coefficient of ecological stability in Hubenov model territory in the period in PGL from the 1 st half of the 19 th century to the present time. Forests have had a dominant position in all three time periods, with an upward trend. The grain size of landscape classes largely diff ers from the Stable Cadastre period.
If the 1 st half of the 19 th century is taken as the baseline period for landscape structure evaluation, in the next periods it is possible to fi nd the basic features of land composition at least in fragments in all four model territories. Nevertheless, a change in all metric characteristics is obvious: reduction in patch number, dissection and heterogeneity, geometrization, unifi cation, structure simplifi cation and an increase in landscape grain and scale coarseness. Narrow strips of agricultural land turned into rectangular patches of considerable size. Landscape structure development corresponds to the expected trend that refl ects social and economic development from the Stable Cadastre period to the present time. This trend is generally applicable to all CR areas of the type of agricultural, agri-forest landscape.
Orientative proposal of the use of Hubenov territory (including linear elements)
The Hubenov territory is represented by the Maršovský brook watershed. This watershed is an infi ltration territory of the Hubenov Water Reservoir. From the aspect of functional use hydrological and ecological functions should be preferred fi rst of all. The production function of this territory should not be a priority. As for the landscape structure, an emphasis should be laid on revitalization of watercourses (diverted into conduits, straightened and reinforced) including the establishment of riparian and companion stands. It is also desirable to support construction of new ponds, creation of wetlands, consistent realization of proposed land conservation measures (hedgerows, infi ltration belts), refi nement of landscape graininess, and construction of dirt road network with companion tree alleys.
In comparison with the present situation (35% of arable land, 25% of PGL, 1.4% of water bodies, no wetlands, 3.6% of green vegetation), the proportion of PGL should increase (by 5% at least) and wetland communities should be restored (on 5% of the territory area at least). It is recommended to stop the trend of arable land aff orestation. The reconstruction of natural meandering stream beds would certainly improve the overall stabilization of ecosystems in the given area. Newly constructed dirt roads as well as reconstructed existing dirt roads should fulfi l criteria of the erosion-control function and criteria for an increase in the aesthetic and ecological impact of these facilities on surrounding landscape. Dirt roads with erosion-control and ecological functions (companion vegetation, tree alleys) are one of the ideal features for refi nement of the landscape structure grain. The same applies to hedgerows. They were planted in Hubenov territory in the framework of land consolidation recently, but their number was several hedgerows. It is to note that in large blocks of land it would be necessary to realize more hedgerows and/or linear tree plantings around the existing or newly constructed linear elements.
CONCLUSIONS
Agricultural land formed the landscape matrix in Hubenov territory in the past and at present. There is a signifi cant reduction in the number of patches of the landscape classes (from 6386 plots in 1838, to 1805 at present). The average area of a production block of arable land decreased from 1.1 ha in 1838 to 3.9 ha in 2009. Spatial distribution of agricultural land has changed. Area of arable land decreased (in 1825 -45% of model territory, in 1961 -51% of model territory, in 2009 -35% of model territory) a er the construction of water reservoir Hubenov. The area of permanent grassland (in 1838 -22% of model territory, in 1961 -14% of model territory, in 2009 -25% of model territory), forests and water bodies increased. It was refl ected in the increase the ecological stability expressed by the coeffi cient of ecological stability (CES) from 1.0 (1838), 0.9 (1961), to 1.6 (2009). In the context of the change of landscape structures decreased the length of ecotone edges of the categories arable land and PGL (in 1838 more than 300 km, at the present only 67 km) and categories arable land and forest (in 1838 -40 km, in 1961 -59 km, in 2009 31 km). In the sixties there was an almost 50% increase in the lengths of common edges of arable land and forests compared to the Stable Cadastre but a decrease at the present time compared to the sixties of the 20 th century was 47%. This decrease is a result of grassland establishment on arable land in the watershed of the Hubenov Water Reservoir (in former water protection zones -WPZ, currently in protection zones -PZ).
The analysis of landscape structure and processing of its results provide specifi c background materials for the implementation of objectives planned in the related fi eld of evaluation of changes and proposals of functional land use. It is a thematically complex set of background materials that can be applied both in the fi eld of research and in practice (land use planning, land consolidation, landscape planning).
The analysis of landscape structure in the time span from historical times to the present meets the requirements to acquire an eff ective background material applicable in land use and landscape planning. The used historical materials are, in spite of some problems, a very valuable source of unique and fundamental information for infl uencing the future character, functions and quality of landscape in this country. Digital processing of such information corresponds to the present method of work with data, allowing the creation of maps and statistical outputs according to requirements of planning documentations. Evaluated analyses and computed landscape ecology indexes can be corrected in line with specifi c realizations in practice, e.g. design of a chosen detail of the territory, change or choice of another attribute of the analysis, overlay analyses in the required range of characteristics, territories, time spans, etc.
The return to historical landscape is not possible but particularly in some types of landscapes or in the territory focused on other aspects of land use than production ones, it is possible to apply the knowledge to polyfunctional proposals and to improvement of non-production functions of landscape.
The understanding of spatial confi guration and its development in the context of anthropic activities provides better conditions and prerequisites for interpretation and prediction of the functional potential of landscape with all consequences infl uencing these activities retroactively. Based on the evaluation of trends, a "middle-course" version of the proposal of the new arrangement and functional use of landscape in the given territory can be chosen and by approximation of landscape structure characteristics it is possible to defi ne an optimum landscape structure with regard to nonproduction functions of landscape.
SUMMARY
The paper is focused on the evaluation of land use of agricultural land and an analysis of the changes the landscape structure in the study area Hubenov at diff erent time horizons (1825, 1961, 2009) . Input data have been taken from historical and contemporary materials. Among historical materials, imperial obligatory prints of the Stable Cadastre maps were processed for the purposes of this solution. A set of black-and-white aerial photos from the sixties of the 20 th century (the period when substantial interventions were realized in landscape that infl uenced the arrangement of landscape pattern) was used as a further source of information on the historical situation of landscape. The evaluation of the present situation on the basis of coloured orthophotomaps covers the last analysed period. Between the analyzed landscapes metric were chosen: area of landscape classes, number of plots, average size of plots, shape index. Biodiversity of model territory was evaluated through the lengths of common edges of arable land and PGL and arable land and forests. The area of permanent grassland, forests and water bodies increased. While the lengths of ecotone edges of arable land -PGL in model territories measured hundreds of kilometers in the 1 st half of the 19 th century, they reach only tens of kilometers at the present time. This situation indicates a substantial decrease in the number of ecotone sites inhabited by small animals, insects and plants and reduces biodiversity of the territory and signifi cant infl uence of these communities on agricultural production. Changes in the lengths of common edges of arable landforests in time do not show such an unambiguous downward trend as changes in arable land -PGL. There has been a diminishing area of arable land in time and an increasing share of the category of forests and PGL. Changes in the lengths of common edges of arable land and forests have occurred by 21% in Hubenov territory (constant reduction in the area of arable land, moderate increase in the area of forests). The area of arable land decreased. It was refl ected in the increase the ecological stability. Coeffi cient of ecological stability (CES) was calculated by the ratio of ecologically unstable and ecologically stable landscape classes. The ecologically stable area increased. CES increased from 1.0 (in 1838) to 1.6 (in 2009). Analyses results illustrate long-term continuing landscape utilization for agricultural production. There is a positive trend in increasing ecological stability of the territory.
